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Over  the  last  several  years,  much  attention  has  been  devoted  to  the  problem  of 
occupant  safety  in  side  impacts.  Deriving  a test  and  associated  procedures  for 
assessing  the  thoracic  injury  potential  of  cars  in  these  types  of  collisions  is  an 
important  step  in  solving  this  problem.  A couple  of  years  ago,  the  Vehicle 
Research  and  Test  Center  (VRTC)  investigated  the  feasibility  of  performing  sub- 
system, or  component,  level  tests  for  this  purpose.  It  was  found  that  component 
test  results  indicated  the  same  benefit  from  added  padding  to  the  inner  door  as 
crash  tests,  but  were  different  from  full-scale  crash  test  results  in  discrimina- 
tion among  production  vehicles. 

During  fiscal  year  1985,  the  Motor  Vehicle  Manufacturer's  Association  (MVMA) 
sponsored  the  development  of  a thoracic  sub-system  test  device  and  associated 
procedures.  This  device  was  subsequently  borrowed  and  installed  at  the  VRTC. 
Tests  were  performed  which  allowed  for  evaluation  of  the  device  and  its  associated 
procedures  on  several  aspects.  These  included  evaluating  it  on  its  function  as  a 
hardware/software/data  acquisition  system,  as  well  as  on  its  ability  to  produce 
responses  that  could  be  used  in  thoracic  injury  assessment.  This  required  the 
development  of  additional  test  procedures  and  parameters  by  the  VRTC. 

Three  series  of  tests  were  conducted  on  nine  vehicle  models  that  had  previously 
been  side  impact  crash  tested.  The  first  used  the  full  body  of  each  vehicle 
tested.  These  tests  included  fixturing  the  cars  to  the  floor,  performing  an 
exterior  pre-crush  on  each  door/side  structure,  and  impacting  the  interior  of  all 
the  doors  at  the  same  pre-determined  speed  (18  mph  - 29  km/h).  For  one  of  the 
vehicles,  a second  test  was  run,  on  a new  door,  which  had  the  inner  trim  panel 
replaced  by  3"  (76.2  mm)  of  ArCel  padding.  There  were  three  objectives  from  this 
series  of  tests.  The  first  was  to  determine  the  ability  of  the  impactor  to  dis- 
tinguish between  padded  and  unpadded  doors.  The  second  was  to  determine  the 
ability  of  the  device  to  differentiate  production  vehicles  when  tested  at  the  same 
speed.  Finally,  exterior  crush  data  was  to  be  obtained  for  each  vehicle. 

The  second  series  of  tests  was  identical  to  the  first  except  that  adjusted  impact 
speeds  were  used.  These  were  determined  separately  for  each  car,  based  on  the 
side  structural  strength  of  the  particular  vehicle,  as  measured  in  the  pre- crushes 
performed  during  the  first  series  of  tests.  There  were  two  objectives  for  this 
second  series  of  tests.  The  first  was  to  allow  a comparison  between  the  results 
of  the  sub-system  tests  and  those  of  the  corresponding  side  impact  crash  tests. 
The  second  was  to  examine  the  ability  of  the  sub-system  approach  to  distinguish 
between  good  and  poor  door/side  structure  designs. 
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The  last  series  of  tests  essentially  followed  the  sub-system  procedure  suggested 
by  the  MVMA.  This  included  mounting  the  doors  in  a rigid  frame,  performing  a pre- 
crush,  and  impacting  them  at  the  same  speed  as  the  first  series  of  full-body  tests 
(18  mph  - 29  km/h).  This  allowed  for  a comparison  of  the  the  fixtured  door  and 
full -body  sub -system  test  approaches. 


SIDE  IMPACT  SUB-SYSTEM  TEST  DEVELOPMENT 


MVMA  Thoracic  Impactor  Test  Procedure  and  Evaluation 


1 ■ 0 INTRODUCTION 


The  topic  of  testing  to  assess  thoracic  injury  in  side  impacts 
has  been  of  interest  the  last  several  years.  An  earlier  study  performed 
at  the  Vehicle  Research  and  Test  Center  (VRTC)  investigated  the 
feasibility  of  performing  sub-system,  or  component,  level  tests  for  this 
purpose  (1) . Upon  comparison,  it  was  found  that  the  component  test 
results  indicated  the  same  benefit  from  added  padding  to  the  inner  door 
as  crash  tests,  but  were  different  from  full-scale  crash  test  results  in 
discrimination  among  production  vehicles. 

During  fiscal  year  1985,  the  Motor  Vehicle  Manufacturer's 
Association  (MVMA)  sponsored  the  development  of  a thoracic  sub- system 
test  device  and  its  associated  test  procedures.  For  the  study  of  this 
project,  this  device  was  borrowed  and  installed  at  the  VRTC.  An  evalua- 
tion of  the  device  and  test  procedures  has  subsequently  been  completed. 

This  report  reviews  the  test  procedure  developed  at  the  VRTC  for 
this  program.  This  includes  outlining  the  test  objectives,  defining 
test  parameters  to  meet  these  objectives,  and  presenting  the  matrix  of 
tests  done.  This  report  also  presents  the  results  of  these  tests  and 
offers  an  evaluation  on  several  aspects.  These  include  evaluating  the 
spring/damper  system,  the  general  hardware  systems,  and  the  software  and 
data  acquisition  systems.  Also  included  is  a comparison  of  the  results 
from  tests  performed  using  different  test  methodologies. 

2.0  OBJECTIVES 


The  objective  of  this  project  was  to  evaluate  the  MVMA  Thoracic 
Impactor  and  its  associated  procedures.  This  required  the  development 
of  additional  test  procedures  and  parameters  by  the  VRTC.  It  included 
an  evaluation  of  the  impactor  on  its  function  as  a hardware/software/ 
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data  acquisition  system,  as  well  as  on  its  ability  to  produce  responses 
that  could  be  used  in  thoracic  injury  assessment. 

3.0  TEST  PROCEDURE  DEVELOPMENT 

3.1  Test  Objectives 

In  order  to  develop  a test  procedure  and  a matrix  of  tests,  it 
was  necessary  to  establish  what  the  goals  of  the  testing  were.  First,  a 
test  device  and  procedure  should  be  capable  of  distinguishing  between 
padded  and  unpadded  door  conditions.  In  addition,  they  should  be  able 
to  differentiate  among  various  cars  and  between  good  and  poor  door/side 
structure  designs.  A test  matrix  was  developed  to  determine  how  well 
the  MVMA  device  and  procedures  could  accomplish  these  functions. 

Another  test  objective  was  to  compare  the  results  of  the  sub- 
system tests  with  those  of  full-scale  crash  tests.  This  involved 
defining  sub-system  test  parameters  to  simulate  the  crash  environment  as 
nearly  as  possible.  This  objective  also  made  it  necessary  to  select 
vehicles  for  testing  which  had  previously  been  crash  tested. 

The  suggested  MVMA  sub-system  test  procedure  called  for  mounting 
the  door  in  a rigid  frame.  Previous  sub-system  test  programs  done  at 
VRTC  utilized  the  full  body  of  the  vehicle,  thereby  testing  not  only  the 
door  but  the  surrounding  side  structure.  A comparison  of  these  methods 
was  of  interest.  Therefore  tests  were  planned  to  make  this  comparison. 

Finally,  it  was  felt  that  door- to -occupant  contact  velocities  in 
crash  tests  may  be  related  to  some  door/side  structure  property,  such  as 
stiffness.  If  this  is  true,  then  the  impact  velocities  used  for  the 
sub-system  tests  should  be  dependent  upon  this  property.  Therefore, 
force  versus  deflection  data  from  exterior  static  crush  tests  were 
collected  for  all  doors  tested,  whether  mounted  in  the  vehicle  body  or 
in  the  frame . 
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3.2  Testing 


To  achieve  the  objectives  outlined  in  the  previous  section,  it 
was  judged  that  three  series  of  tests  would  be  done.  Test  Series  Number 
1 utilized  the  full  body  of  each  vehicle  tested.  These  tests  included 
fixturing  the  cars  to  the  floor,  performing  an  exterior  pre- crush  on 
each  door/side  structure,  and  impacting  the  interior  of  all  of  the  doors 
at  the  same  pre -determined  speed. 

It  was  originally  intended  that  two  impact  tests  be  performed  on 
each  door  - one  with  padding  on  the  door  and  one  with  the  door  in  its 
baseline  configuration.  The  first  several  tests  were  done  this  way; 
however,  the  results  indicated  that  too  much  damage  from  the  unpadded 
test  occurred  to  permit  a valid  second,  padded,  test  to  be  conducted  on 
the  same  door.  Therefore,  for  one  vehicle,  the  door  was  replaced  fol- 
lowing the  unpadded  test,  and  a padded  test  was  conducted.  The 
remainder  of  the  padded  tests  were  not  performed.  From  these  tests,  the 
ability  of  the  device  to  distinguish  between  padded  and  unpadded  doors, 
and  to  distinguish  between  different  vehicles  when  tested  at  the  same 
speed  was  determined.  In  addition,  exterior  crush  force  versus  deflec- 
tion data  were  collected  for  each  vehicle.  These  were  used  in 
developing  a velocity  adjustment  procedure  based  upon  the  side  struc- 
tural strength  of  a vehicle. 

Test  Series  Number  2,  similar  to  the  first  series,  also  used  the 
full  body  of  the  vehicles.  The  impact  velocity  was  determined 
separately  for  each  car,  using  the  velocity  adjustment  procedure 
developed  from  the  exterior  crush  data  obtained  in  the  first  series  of 
tests.  From  these  tests,  the  ability  of  the  sub-system  approach  to 
distinguish  between  good  and  poor  door/side  structure  designs  was 
determined.  Also,  a comparison  of  these  test  results  to  those  of  the 
corresponding  crash  tests  was  made. 

Finally,  a third  series  of  tests  was  done  which  esentially 
followed  the  sub-system  test  procedure  suggested  by  the  MVMA.  This 
included  mounting  the  doors  in  a rigid  frame,  performing  a pre-crush  on 
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each,  and  impacting  them  at  the  same  pre- determined  velocity  as  series 
1.  With  these  tests,  a comparison  of  the  door- in- frame  and  the  full- 
body  sub -system  approaches  was  made. 

As  mentioned  in  Section  3.1,  the  vehicles  selected  for  testing 
were  those  for  which  the  Agency  has  crash  test  data.  Several  vehicle 
models  had  been  tested,  both  by  the  NHTSA  and  the  MVMA,  under  the  same 
conditions.  These  conditions  included  using  the  NHTSA  moving  deformable 
barrier  (MDB) , equipped  with  an  aluminum  honeycomb  face  and  crabbed  to 
26°,  to  impact  the  stationary  vehicle  with  a nominal  speed  of  33.5  mph 
(53.9  km/h).  This  simulated  a 90°  collision  with  the  striking  vehicle 
moving  30  mph  (48.3  km/h)  and  the  struck  vehicle  having  a speed  of  15 
mph  (24.1  km/h).  From  these,  the  cars  selected  for  sub-system  testing 
were  as  follows: 

4-door  Chevrolet  Celebrity 
4-door  Chevrolet  Citation 
2 -door  Dodge  400 
2 -door  Ford  Granada 
4- door  Plymouth  Horizon 
4 -door  Ford  LTD 

4-door  structurally  modified  Ford  LTD 
2 -door  Volkswagen  Rabbit 
2-door  Chevrolet  Spectrum 

Appendix  A contains  a summary  of  the  testing  done  in  these  three 
series.  This  includes  a statement  of  the  objectives  for  each  series  as 
well  as  a statement  of  the  various  test  parameters  for  these  tests.  The 
derivation  of  the  test  parameters  are  detailed  in  the  following 
sections . 

3.3  Impact  and  Pre-Crush  Location 

For  each  vehicle  in  each  series  of  tests,  it  was  necessary  to 
determine  certain  test  parameters.  These  include  the  impact  location  on 
the  interior  of  the  door,  the  location  of  the  exterior  pre-crush,  and 
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the  extent  of  this  pre-crush.  The  impact  velocities  used  were  also 
determined.  This  included  determining  the  velocity  for  the  first  and 
third  series  of  tests,  as  well  as  developing  a velocity  adjustment 
procedure  for  determining  the  individual  velocities  for  the  second  test 
series . 


Since  the  full -body  tests  were  to  be  compared  to  the  crash 
tests,  it  was  decided  that  the  impact  location  on  the  inner  door  should 
be  the  same  for  these  tests  as  that  impacted  by  the  SID  in  the  cor- 
responding crash  test.  To  determine  this  location,  the  crash  test  film 
and  pre-test  photographs  were  closely  examined  for  each  case.  The 
vertical  line  containing  the  center  of  the  SID  ribcage  was  located  from 
each  crash  test.  The  impact  for  the  corresponding  sub -system  test  was 
centered  on  this  line  (see  Table  3.1)  and  located  such  that  the  impactor 
face  hit  just  below  the  window  opening  of  the  door. 


Table  3.1 

Horizontal  Impact/Pre -Crush  Locations 
Full-Body  Test 


Vehicle 

Impact 
Location  * 

Pre- Crush 
Location  * 

Celebrity 

7" 

9.5" 

Citation 

6" 

oo 

U1 

Dodge  400 

S 

rH 

CM 

23.6" 

Granada 

18.5" 

21" 

Horizon 

7.5" 

10" 

LTD 

5.5" 

8" 

Rabbit 

11.5" 

14" 

Spectrum 

10.8" 

13.2" 

* distance  forward  of  the  lower  rear  corner 
of  the  window  opening 

It  was  also  necessary  to  specify  the  location  of  the  pre-crush 
for  each  car.  The  first  series  of  full-body  tests  originally  were  to 
include  both  padded  and  unpadded  tests  on  the  same  door.  It  was  judged 
that  the  face  of  the  impactor  (8"  diameter,  203  mm)  should  always  be 
contained  on  the  flat  portion  of  the  crusher  face,  which  was  about  13" 
(330  mm)  wide.  By  centering  the  pre-crush  2 1/2"  (54  mm)  forward  of  the 
selected  impact  points  listed  in  Table  3.1,  the  impactor  face  was  still 
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contained  on  the  flat  portion  of  the  crusher  face.  The  impact  locations 
for  the  padded  tests  were  also  to  be  contained  on  the  flat  portion  of 
the  crusher  face,  but  located  as  far  away  as  possible  from  the  unpadded 
impact  test  locations.  This  meant  that  the  impact  location  for  the 
padded  tests  was  to  be  5"  (127  mm)  forward  of  that  for  the  unpadded 
tests.  Therefore,  the  longitudinal  position  for  the  pre-crush  for  each 
car  was  selected  such  that  the  vertical  centerline  of  the  crusher  face 
was  located  2 1/2"  (64  mm)  forward  of  the  impact  locations  listed  in 
Table  3.1.  As  mentioned  in  the  previous  section,  padded  tests  were  not 
done  on  several  of  the  cars.  The  pre- crush  locations  were  not  altered, 
though,  in  order  to  remain  consistent  throughout  the  entire  series.  The 
one  padded  test  performed  on  the  replaced  door  used  the  same  pre -crush 
and  impact  locations  as  the  corresponding  unpadded  test.  In  order  to 
allow  for  comparisons,  the  pre -crush  location  used  for  each  car  in  the 
first  series  of  full-body  tests  was  also  used  in  the  second  series  of 
full-body  tests. 

The  vertical  location  of  the  crusher  face  was  determined  using 
the  suggested  MVMA  procedure.  The  bottom  edge  of  this  face  was  posi- 
tioned 15.7"  (400  mm)  above  the  ground  surface  reference  plane  for  the 
vehicle  being  tested.  Using  the  lower  rear  corner  of  the  closed  front 
door  as  a reference,  this  position  was  found  from  the  standard  MVMA 
specifications  for  each  vehicle  (see  Table  3.2). 

The  longitudinal  interior  impact  and  exterior  pre-crush  loca- 
tions for  the  door- in- frame  tests  were  found  differently  than  for  the 
full-body  tests.  Since  only  one  test  was  done  per  door  (no  padded  tests 
were  performed) , it  was  decided  to  center  the  impactor  on  the  vertical 
centerline  of  the  crusher  face.  As  in  the  suggested  MVMA  procedure,  the 
crusher  face  was  positioned  such  that  its  vertical  centerline  passed 
through  the  mid- seat  H-point.  In  cases  where  the  crusher  face  was 
within  3"  (75  mm)  of  the  door  opening,  the  crusher  face  was  moved  to 
achieve  this  minimum  clearance.  The  horizontal  impact/pre-crush  loca- 
tions used  for  these  tests  are  listed  in  Table  3.3.  The  vertical  pre- 
crush and  impact  locations  were  determined  in  the  same  manner  as  for  the 
full -body  tests. 
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Table  3.2 

Vertical  Pre -Crush  Locations  Full -Body  Tests 


Vehicle 

Vertical 
Pre -Crush 
Location  * 

Celebrity 

4.5" 

Citation 

4.8" 

Dodge  400 

5.6" 

Granada 

4.5" 

Horizon 

5.2" 

LTD 

5.9" 

Rabb i t 

5.7" 

Spectrum 

5.8" 

* distance  from  bottom  edge  of  crusher  face  above 
lower  rear  corner  of  closed  front  door 


Table  3.3 

Horizontal  Impact  Locations  Door- in-Frame  Tests 


Impact 

Vehicle 

Location  * 

Celebrity 

8.5 

Citation 

7.8 

Dodge  400 

22.5 

Granada 

22.5 

Horizon 

11.3 

LTD 

11.5 

Rabbit 

15.5 

Spectrum 

17.3 

* distance  forward  of  the  lower  rear  corner  of  the  window 
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The  extent  of  the  pre- crush  was  determined  from  the  MVMA 
proposed  sub-system  test  procedure.  An  exterior  crush  of  9.1"  (230  mm) 
was  applied  to  all  doors/side  structures.  Once  extended,  the  crusher 
face  was  held  in  this  extended  position  throughout  the  conduct  of  the 
dynamic  test.  Inner  panel  displacments  were  also  monitored  for  all 
tests . 

3.4  Impact  Velocity 

One  of  the  potentially  critical  test  parameters  that  was  to  be 
determined  was  impact  velocity.  In  crash  tests,  the  moving  barrier 
velocity  was  the  same  for  each  test.  The  actual  contact  velocity  be- 
tween the  door  and  the  occupant  may  be  a function  of  the  moving  barrier 
velocity  and  the  integrity  of  the  struck  vehicle's  side  structure.  A 
good  design  appears  to  reduce  this  contact  velocity  more  than  a poor 
design,  thereby  offering  a greater  degree  of  occupant  protection. 

In  a sub -system  test,  however,  the  impact  velocity  must  be 
determined  prior  to  testing.  If  all  vehicles  are  tested  at  the  same 
speed,  benefits  from  superior  door  design  may  not  be  evident.  Ideally, 
then,  the  impact  velocity  in  a sub -system  test  would  vary  from  vehicle 
to  vehicle,  being  representative  of  the  actual  contact  velocity  which 
would  be  seen  in  a crash  test  of  the  particular  vehicle.  Determining 
these  contact  velocities,  though,  is  not  trivial. 

Nine  vehicles,  listed  previously,  that  had  been  crash  tested 
were  selected  for  sub- system  testing  with  the  MVMA  thoracic  impactor. 
An  attempt  was  made  to  determine  the  door- to-occupant  contact  velocity 
for  each  test.  Averaging  upper  and  lower  locations,  average  rib  and 
spinal  velocity  time  histories  were  found  from  the  accelerations 
measured  in  the  crash  tests.  For  each  test,  a time,  t(0.2),  was  found 
as  follows: 

t (0 . 2)  = min(tr,ts) 

where  t^  = time  when  average  rib  velocity  exceeds  0.2  mph,  and 
tg  = time  when  average  spinal  velocity  exceeds  0.2  mph. 
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Door  accelerometers  were  integrated  to  give  door  velocity  time 
histories  and  a contact  velocity  was  found  at  t(0.2)  for  each  ac- 
celerometer location.  In  addition,  a second  potential  impact  velocity 
was  found  as  the  maximum  velocity  at  or  prior  to  t(0.2).  These  two 
velocities  per  door  location,  v_  _ and  v , were  found  from  both  unfil- 
tered  and  filtered  velocity  curves  (a  50  Hz  low  pass  filter  was  used) . 
These  curves  and  values  were  examined  on  an  individual  basis  to  deter- 
mine whether  or  not  they  should  be  used  in  further  analysis.  This  was 
done  since  door  accelerations  obtained  during  crash  tests  are  frequently 
not  realistic. 

In  each  test,  there  were  three  to  five  front  door 

accelerometers . The  v~  _ and  v values  for  each  door  location  that 

0 . 2 max 

were  judged  to  be  good  were  averaged  to  obtain  average  door  velocities 
for  each  car.  The  vehicles  were  then  ranked  based  on  peak  rib,  peak 
spine,  and  calculated  door  velocities. 

Examination  of  these  results  led  to  several  observations. 
First,  the  door  velocities  derived  from  door  accelerations,  by  any 
method,  were  found  to  be  unreliable.  There  was  a lot  of  subjective 
judgement  required  in  determining  which  door  accelerations  to  use.  The 
vehicle  rankings  based  on  calculated  door  velocities  were  counter- 
intuitive and  did  not  generally  correspond  with  the  response  levels 
(TTI)  measured  in  the  crash  tests.  In  addition,  many  of  the  door  ac- 
celerations were  anomalous  and  could  not  be  used.  For  these  reasons, 
the  door  accelerometer  information  was  not  used  to  determine  individual 
contact  speeds,  but  was  only  used  to  determine  a general  range  and 
overall  average  for  contact  velocities. 

An  average  impact  velocity  was  needed  for  the  first  series  of 
full-body  tests  and  the  door- in- frame  test  series.  The  filtered  v^  ^ 
and  the  unfiltered  v^  ^ contact  velocities  were  combined,  giving  an 
average  calculated  contact  velocity  of  17.7  mph  (28.5  km/h).  Rounding 
to  the  nearest  integer,  it  was  decided  to  run  all  the  tests  of  these  two 
series  at  18  mph  (29  kro/h) . 
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For  the  second  series  of  full-body  tests,  it  was  still  necessary 
to  derive  an  individual  contact  speed  for  each  of  the  cars  to  be  used  in 
a correlation  with  exterior  crush  properties.  Peak  rib  and  spinal 
velocities  from  the  crash  tests  appeared  to  be  more  reliable,  were  more 
consistent,  and  gave  vehicle  rankings  which  were  more  intuitively  satis- 
fying than  the  door  velocities.  Unfortunately,  these  velocities  differ 
from  the  actual  contact  velocities  by  rebound  velocities  and  variations 
in  the  velocity  during  the  loading  on  the  dummy  that  are  not  easily 
determined.  The  rebound  velocities  are  probably  not  constant  from  one 
vehicle  to  the  next,  although  assuming  them  to  be  so  may  lead  to 
reasonable  contact  velocities. 

Since  there  was  no  one  method  that  would  confidently  give  con- 
tact velocities  from  the  crash  tests,  all  the  previously  mentioned 
velocities  were  used  as  possible  independent  variables  in  the  STEPWISE 
routine  of  the  Statistical  Analysis  System  (SAS) . These  are  listed  in 
Table  3.4  and  were  defined  as  follows: 

RIBV  - peak  average  rib  velocity 

SPINEV  - peak  average  spinal  velocity 

DR02NV  - unfiltered  v^  ^ values 

DR02FV  - filtered  v^  ^ values 

DRMAXV  - filtered  v values 

max 

The  dependent  variables  for  these  regressions  were  taken  from 
the  force  versus  deflection  data  obtained  from  the  exterior  pre-crush 
performed  on  each  vehicle  in  the  first  full-body  test  series.  These 
were  the  stiffness  (average  slope  of  the  rising  portion  of  the  force 
versus  deflection  curve),  peak  force,  and  crush  energy  (area  under  the 
rising  portion  of  the  force  versus  deflection  curve)  from  each  car. 
These  are  listed  in  Table  3.5. 

STEPWISE  was  run  using  the  data  described  above  (see  Appendix  B 
for  printouts  of  results) . One  and  two  variable  models  were  found,  but 
since  there  were  a relatively  small  number  of  data  points,  only  one 
variable  models  were  considered.  In  addition,  the  best  two  variable 
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Table  3.4 

CRASH  TEST  VELOCITIES 
SAS  Independent  Variables 


Vehicle 

RIBV 

SPINEV 

DR02NV 

DR02FV 

DRMAXV 

Celebrity 

22. 

4 

25 

7 

19 

5 

18 

2 

21 

4 

Citation 

24. 

7 

27 

1 

18 

3 

17 

4 

20 

7 

Dodge  400 

25. 

3 

26 

1 

21 

2 

18 

0 

18 

1 

Granada 

23. 

6 

26 

7 

18 

2 

21 

9 

26 

1 

Horizon 

24. 

6 

27 

1 

15 

8 

14 

1 

18 

4 

bas  LTD 

22. 

5 

26 

0 

16 

2 

15 

1 

19 

3 

mod  LTD 

19. 

5 

21 

6 

15 

0 

14 

3 

20 

9 

Rabbit 

25. 

5 

27 

2 

24 

0 

17 

5 

18 

6 

Spectrum 

24. 

8 

29 

6 

15 

2 

18 

4 

20 

6 

average 

23. 

7 

26 

3 

18 

2 

17 

2 

20 

5 

note:  all  velocities  in  mph 

Table  3.5 

EXTERIOR  CRUSH  RESULTS 

Full-Body  Test  Series  No.  1 SAS  Dependent  Variables 


Vehicle 

Stiffness 

(lb/in) 

Intercept 

(lb) 

Peak  Force 
(lb) 

Crush  Energ 
(ft-lb) 

Celebrity 

920 

115 

7580 

3252 

Citation 

904 

652 

7744 

3624 

Dodge  400 

777 

684 

6793 

3228 

Granada 

947 

55 

7606 

3245 

Horizon 

690 

1490 

6962 

3516 

bas  LTD 

774 

325 

6548 

2911 

mod  LTD 

1770 

-936 

13,382 

5308 

Rabbit 

666 

806 

6119 

2903 

Spectrum 

633 

1062 

5768 

2956 
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model  only  showed  a 6.5%  increase  in  the  coefficient  of  determination 

2 

(r  ) over  the  best  one  variable  model. 

2 

Table  3.6  lists  the  r values  for  the  one  variable  regressions 
done  on  each  of  the  dependent  variables.  Not  surprisingly,  the  door 
velocities  produced  no  correlation  with  any  of  the  crush  properties. 
When  stiffness  (STIFF)  and  peak  force  (FORCE)  were  used,  a good  correla- 
tion did  exist  with  both  rib  and  spinal  peak  velocities.  Although 
stiffness  and  peak  force  produced  nearly  the  same  coefficient  of  deter- 
mination when  correlated  with  peak  spinal  velocity,  stiffness  was  chosen 
as  being  more  representative  of  the  entire  exterior  crush  event  than 
peak  force.  Thus,  spinal  velocities  could  be  predicted  from  the  stiff- 
ness of  a vehicle's  door/side  structure  by  the  following  relationship: 

SPINEV  = 31.28  - 0 . 00549 ( STIFF) 
r 2 =0.81 

where  STIFF  is  in  lb/in  and  SPINEV  in  mph. 


Table  3.6 

REGRESSION  SUMMARY 
r^  values 


Variable 

RIBV 

SPINEV 

DR02NV 

DR02FV 

DRMAXV 

STIFF 

0.75 

0.81 

0.12 

0.08 

0.08 

FORCE 

0.71 

0.81 

0.14 

0.13 

0.05 

ENERGY 

0.55 

0.68 

0.18 

0.20 

0.01 

Figure  3.1  shows  the  line  predicted  by  this  relationship  along 
with  the  actual  data  points  from  the  nine  cars  tested.  Note  that  this 
regression  was  heavily  influenced  by  the  rightmost  data  point  (modified 
LTD) . Using  this  equation,  a predicted  spinal  velocity  was  calculated 
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TIFFNESS  - VELOCITY  REGRESSION 

Test  Series  No.  1 
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Figure  3.1.  Side  Crush  Stiffness  - Spinal  Velocity  Correlation 


for  each  car  (see  Table  3.7).  As  mentioned  previously,  spinal  velocity 
differs  from  the  actual  contact  velocity  by  some  rebound  velocity. 
Based  on  the  approximation  that  rebound  velocity  was  a constant  percent- 
age of  the  spinal  velocity,  contact  velocities  were  estimated  by 
normalizing  the  predicted  spinal  velocities  to  the  average  contact 
velocity  of  18  mph  (29  km/h)  derived  previously.  These  predicted  con- 
tact velocities,  also  listed  in  Table  3.7,  were  used  as  the  impact 
speeds  for  the  second  series  of  full-body  tests. 


Table  3.7 

ADJUSTED  VELOCITIES 
Regression  Results 


Vehicle 

Stiffness 

(lb/in) 

Actual 

Spinal 

Velocity 

(mph) 

Predicted 

Spinal 

Velocity 

(mph) 

Predicted 

Contact 

Velocity 

(mph) 

Celebrity 

920 

25.7 

26.2 

17.9 

Citation 

904 

27.1 

26.3 

18.0 

Dodge  400 

777 

26.1 

27.0 

18.5 

Granada 

947 

26.7 

26.1 

17.9 

Horizon 

690 

27.1 

27.5 

18.8 

bas  LTD 

774 

26.0 

27.0 

18.5 

mod  LTD 

1770 

21.6 

21.6 

14.8 

Rabbit 

666 

27.2 

27.6 

18.9 

Spectrum 

633 

29.3 

27.8 

19.0 

average 

XXX 

26.3 

26.3 

18.0 

3 . 5 Padding 

As  indicated  in  section  3.1,  the  MVMA  thoracic  impactor  was  to 
be  evaluated  to  determine  its  ability  to  distinguish  between  padded  and 
unpadded  door  conditions.  The  padding  selected  for  use  was  that  used  in 
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the  MVMA  MDB-to-Ford  LTD  crash  tests  (2).  This  was  ArCel  padding,  which 

3 3 

had  a nominal  density  of  2 lb/in  (32  kg/m  ). 

The  results  of  the  crash  tests  of  Reference  2 indicated  that 
this  padding  was  too  stiff,  thereby  not  offering  as  much  protection  to 
the  occupant  as  was  possible.  Softening  the  padding,  to  a point,  would 
reduce  the  impact  severity.  Beyond  that  point,  when  the  padding  becomes 
too  soft,  impact  severity  increases.  A limited  attempt  was  then  made  to 
determine  this  "optimum"  stiffness. 

First,  an  18  mph  (29  km/h)  test  was  done  into  a rigid  surface, 
recording  both  small  and  large  mass  accelerations  as  well  as  the  rela- 
tive deflection  between  the  two  masses.  A second  test,  also  at  18  mph 
(29  km/h)  , was  done  into  a 3"  (76  mm)  thick  piece  of  8"  x 12"  (203  x 
305  mm)  ArCel  padding.  Table  3.8  compares  the  peak  accelerations  and 
relative  deflections  from  these  tests.  As  can  be  seen,  the  padding 
produced  a significant  decrease  in  the  small  and  large  mass  peak  ac- 
celerations as  well  as  in  the  relative  deflection  over  the  rigid  impact 
(41%,  44%,  and  9%,  respectively). 

Table  3.8 

PADDING  STIFFNESS  RESULTS 
18  mph 


Impact 

Surface 

Acceleration  (g) 

Relative 
Deflection 
( inches) 

small  mass 

laree  mass 

Rigid 

171.4 

83.6 

2.97 

Padding 

101.3 

47.1 

2.70 

Padding 

With 

Holes 

66.4 

45.3 

2.67 

A second  piece  of  ArCel  padding  was  also  tested  at  18  mph  (29 
km/h).  It  had  the  same  exterior  dimensions  as  the  first,  but  had  nine 
7/8"  (22  mm)  holes  drilled  through  it  vertically  (see  Figures  3.2  and 
3.3).  Note  that  Figure  3.3  shows  padding  mounted  on  a car  door,  not  on 
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Figure  3.2.  Hole  Pattern  for  Softening  Door  Padding 


17 


the  rigid  surface.  These  holes  were  intended  to  reduce  the  effective 
stiffness  of  the  padding.  The  results  of  this  test  are  also  listed  in 
Table  3.8.  The  large  mass  peak  acceleration  and  relative  deflection 
remained  essentially  unchanged  from  the  previous  padding  test,  but  the 
small  mass  response  showed  another  sizable  decrease  (34%) . 

Because  the  small  mass  acceleration  decreased,  this  reduced 
stiffness  padding  represented  an  improvement  over  the  original  padding. 
It  was  recognized  that  an  even  softer  padding  might  be  closer  to  the 
"optimum"  stiffness  when  mounted  to  an  actual  door  since  the  door  acts 
as  a spring  in  series  with  the  padding.  However,  this  was  intended  to 
be  a limited  investigation,  so  the  reduced  stiffness  padding  described 
above  was  selected  for  use  in  the  padded  full -body  test. 

3 . 6 Hardware 

In  order  to  perform  the  required  tests,  support  hardware  for  the 
impactor  was  needed.  This  included  a frame  to  support  the  impactor,  a 
pre- crush  device,  a means  to  secure  the  car  to  the  ground  in  the  full- 
body  tests,  and  a frame  to  mount  the  doors  for  the  door-in-frame  tests. 
This  section  describes  the  hardware  used  as  well  as  the  general  test 
set-up . 

Figure  3.4  gives  an  overview  of  the  hardware.  The  vehicles  were 
positioned  between  parallel  I-beams  which  were  bolted  to  the  floor. 
Raised  off  of  their  suspension,  the  cars  attached  to  cross-horses  at 
both  the  front  and  rear  bumper  mount  locations  (see  Figures  3.5  and 
3.6).  These  cross-horses  fastened  to  the  I-beams.  To  further  reduce 
body  movement,  chains  were  added  in  line  with  the  direction  of  crush  as 
shown  in  Figure  3.7.  Early  tests  indicated  that  this  method  of  securing 
the  vehicles  results  in  essentially  no  general  body  movement  during  the 
pre-crush  phase  of  testing. 

The  pre -crushes  were  accomplished  with  the  apparatus  shown  in 
Figure  3.8.  Powered  by  a servo -controlled  hydraulic  pump,  a 4"  diameter 
piston  pushed  the  crush  plate  into  the  side  of  the  vehicle  being  tested. 
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Figure  3.4.  Overview  of  Test  Hardware 


Figure  3.5.  Front  Bumper  Attachment 
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Figure  3.6.  Rear  Bumper  Attachments 


Figure  3.7.  Chain  Reinforcements 
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Figure  3.8.  Pre- Crush  Device 


Figure  3.9.  MVMA  Impactor  and  Support 
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This  was  a cast  aluminum  plate  identical  to  the  one  used  in  the  sub- 
system tests  performed  for  the  MVMA  (3).  This  device  could  be  adjusted 
to  achieve  the  desired  vertical  position  for  the  crush  plate.  The 
entire  pre-crush  apparatus  could  also  be  adjusted  laterally  relative  to 
the  car  (left  to  right  in  the  photo). 

A frame  was  built  to  support  and  position  the  impactor  itself 
(see  Figure  3.9).  The  frame  allowed  the  impactor  to  reach  into  and 
across  the  width  of  the  car  being  tested  and  to  also  be  easily  moved  out 
of  the  way  to  allow  vehicle  installation.  The  impactor  was  mounted  on  a 
triangular  frame  and  could  be  adjusted  vertically  on  this  component. 
The  triangular  frame  was  attached  to  a rectangular  sub -frame  by  means  of 
linear  bearings  which  permitted  movement  of  the  impactor  into  and  out  of 
the  vehicle  being  tested.  The  triangular  frame  and  impactor  were 
secured  prior  to  performing  a test.  The  rectangular  sub -frame  was  also 
capable  of  limited  adjustment  in  the  longitudinal  direction  relative  to 
the  car  (in  and  out  of  the  page). 

Finally,  a frame  was  built  for  mounting  the  doors  tested  (see 
Figure  3.10  and  3.11).  The  doors  mounted  to  two  posts  by  their  hinges 
and  latches/striker  pins.  The  periphery  of  the  doors  was  also  supported 
along  the  bottom  and  sides  by  means  of  bars  mounted  in  a backup  frame. 
These  supports  simulated  the  door  opening  of  the  vehicle,  except  that 
they  were  rigid. 

4.0  HARDWARE  AND  SOFTWARE  SYSTEMS  EVALUATION 

4 . 1 APPROACH 


As  indicated  previously,  the  most  crucial  aspect  of  this  program 
was  to  evaluate  the  ability  of  the  impactor  and  its  associated  proce- 
dures to  assess  the  thoracic  injury  potential  of  vehicles.  This  was 
accomplished  by  performing  the  three  series  of  tests  outlined  in  section 

3.2  and  summarized  in  Appendix  A.  Since  the  impactor  was  also  to  be 
evaluated  on  various  other  aspects,  several  additional  sets  of  tests 
were  performed. 
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Figure  3.10.  Door  Frame  --  Side  View 


Figure  3.11.  Door  Frame  --  Top  View 
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The  purpose  of  the  first  few  sets  was  to  examine  the  response 
characteristics  of  the  impactor.  Since  the  impactor  was  to  meet  the 
force/time  and  peak  relative  deflection  corridors  established  from  the 
one  and  two  meter  cadaver  drop  tests  performed  by  Association  Peugeot- 
Renault  (APR)  (4),  and  normalized  by  Krause  (5),  calibration  tests  at 
these  two  speeds  (9.91  and  14.01  mph  - 15.95  and  22.55  km/h, 
respectively)  were  performed.  In  addition,  a series  of  tests  at  speeds 
ranging  from  0 to  about  20  mph  (32  km/h)  were  performed  to  document  the 
relative  deflection  between  the  small  and  large  masses  at  the  various 
velocities.  Finally,  a static  crush  of  the  impactor  was  done  to  obtain 
a force/deflection  trace  of  the  device's  spring/ damper  system. 

An  alternate  spring/damper  system  was  then  installed  on  the 
impactor.  To  investigate  the  response  characteristics  of  this  system, 
calibration,  varying  speed,  and  static  crush  tests  were  done.  The 
results  of  these  were  compared  to  those  from  the  original  system. 

Finally,  through  using  the  device,  the  general  hardware  systems 
were  evaluated  on  such  things  as  durability,  ease  of  use,  and  suscep- 
tibility to  problems.  Likewise,  the  ease  of  use,  susceptibility  to 
problems,  and  comparability  between  the  data  acquisition  and  software 
systems  were  also  noted. 

4.2  Spring/Damper  System 

The  MVMA  Thoracic  Impactor  was  a two  mass  system  connected  by  a 
spring/damper  element.  A schematic  view  of  the  impactor  is  shown  in 
Figure  4.1.  The  spring/damper  element  was  actually  composed  of  two 
parts,  a cylindrical  Urethane  main  "spring"  between  the  two  masses  and  a 
conical  secondary  "spring".  Upon  impact,  the  small  mass  moved  toward 
the  large  mass,  thereby  compressing  the  Urethane  spring.  After  about  1 
inch  (25  mm)  of  relative  deflection,  compression  of  the  conical  spring 
began.  This  continued  for  the  rest  of  the  stroke  between  the  two 
masses,  for  a total  of  about  3.2  inches  (81  mm).  These  springs  were 
obviously  a major  factor  in  determining  the  dynamic  response  charac- 
teristics of  the  impactor. 
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As  mentioned  in  the  previous  section,  several  means  were  used  to 
measure  the  response  characteristics  of  the  impactor.  First,  calibra- 
tion impacts  were  performed  into  a rigid  surface  at  both  the  1 and  2 
meter  drop  speeds  (9.91  and  14.01  mph  - 15.95  and  22.55  km/h, 
respectively).  The  force/time  histories  from  these  calibration  tests, 
as  compared  to  the  APR  corridors,  are  shown  in  Figures  4.2  and  4.3.  At 
the  lower  speed,  the  resulting  force  curve  followed  the  corridor  fairly 
well  during  the  loading  portion,  but  reached  a peak  about  350  lbs  (159 
kg)  above  the  upper  limit  of  the  corridor.  At  the  2 meter  drop  speed, 
the  resulting  force  curve  stayed  within  the  corridor  for  essentially  the 
entire  event.  These  results  were  similar  to  those  obtained  by  the  MVMA 
from  earlier  testing. 

The  peak  relative  deflections  measured  for  these  tests  were 
1.40"  and  2.43"  (35.6  and  61.7  mm),  respectively.  The  calibration 
ranges  for  these  values  were  as  follows: 

1 meter  - 1.06  to  1.30"  (26.9  to  33.0  mm) 

2 meter  - 1.54  to  1.85"  (39.1  to  47.0  mm) 

As  can  be  seen,  the  device  did  not  meet  the  peak  deflection  criterion 
established . 

Slow-rate  crush  tests  were  also  done  on  the  impactor  spring 
elements  to  document  their  force/deflection  characteristics.  The 
Urethane  spring  is  shown  at  progressive  levels  of  relative  displacement 
between  the  large  and  small  masses  in  Figure  4.4.  At  a little  over  1" 
(25  mm)  of  crush,  the  spring  began  to  bulge  and  by  1 1/2"  (38  mm)  or  so, 
it  began  to  buckle.  A progressive  crush  on  the  conical  spring  is  shown 
in  Figure  4.5.  It  failed  by  'necking  in'  at  about  mid- length.  The 
force  versus  deflection  curve  obtained  from  static  crush  of  the  combined 
springs  is  contained  in  Figure  4.6.  Note  that  force  rose  linearly  for 
about  1.4"  (36  mm)  of  crush,  at  which  point  the  resistance  to  crush  from 
the  Urethane  spring  dropped  off  due  to  bulging/buckling.  Following 
this,  the  conical  spring  began  to  carry  a larger  portion  of  the  load. 
As  deflection  continued,  the  conical  spring  buckled  and  shortly  after, 
began  to  bottom  out  in  the  device,  causing  the  resulting  load  to  in- 
crease sharply. 
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CALIBRATION  - URETHANE  SPRING  SYSTEM 


Figure  4.4  --  Urethene  Main  Spring  Progressive  Crush 
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Figure  4.4  (Continued)  --  Urethene  Main  Spring  Progressive  Crush 
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Figure  4.4  (Continued)  --  Urethene  Main  Spring  Progressive  Crush 
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a. 


b. 


Figure  4.5 


Conical  Secondary  Spring  Progressive  Crush 


32 


d. 


Figure  4.5  (Continued)  --  Conical  Secondary  Spring  Progressive  Crush 


33 


e . 


f. 


Figure  4.5  (Continued)  --  Conical  Secondary  Spring  Progressive  Crush 
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After  the  previously  described  tests  were  performed,  as  well  as 
many  others,  the  impactor  was  disassembled  and  inspected.  It  was  found 
that  the  conical  spring  had  been  torn  nearly  in  half  at  its  mid- length. 
Note  that  this  was  the  location  of  the  'necking  in'  described  above. 
This  spring  was  replaced  and  the  calibration  tests  were  repeated.  The  1 
meter  drop  speed  test  produced  a force  versus  time  trace  very  similar  to 
that  done  previously  (see  Figure  4.7).  The  peak  relative  deflection  for 
this  test  was  1.37"  (34.8  mm),  which  was  a little  closer  to  the  desired 
range,  but  still  too  high.  The  2 meter  drop  speed  test  resulted  in  the 
force  versus  time  curve  shown  in  Figure  4.8.  As  can  be  seen,  there  was 
quite  a difference  from  the  original  curve,  with  the  center  hump  being 
exaggerated,  peaking  about  300  lbs  (136  kg)  higher  than  the  original. 
Peak  relative  deflection  for  this  test  was  2.39"  (60.7  mm),  slightly 
lower  than  the  original,  but  still  half  an  inch  over  the  specification. 

Throughout  all  testing,  two  conical  springs  were  torn,  and  a 
third  damaged.  A brief  investigation  led  to  the  finding  that  the  cone 
would  deteriorate  gradually  from  the  inside  surface.  This  degradation 
would  become  evident,  if  inspected,  after  very  few  impacts,  but  many 
were  required  to  actually  tear  the  cone.  The  severity  of  the  impacts 
would  determine  the  actual  number  it  could  withstand. 

Partly  due  to  the  durability  of  the  conical  spring  being  of 
concern,  a few  tests  were  conducted  which  used  an  alternate 
spring/damper  element.  A thoracic  impactor  developed  as  part  of  another 
project  at  the  Vehicle  Research  and  Test  Center  (VRTC)  (6)  had  good 
success  with  a spring/damper  element  made  of  Ethafoam  600,  so  this 
material  was  used.  A schematic  drawing  of  the  modified  impactor  is 
shown  in  Figure  4.9.  Essentially,  the  Urethane  main  spring  was  replaced 
by  an  Ethafoam  600  spring  and  the  conical  secondary  spring  was 
eliminated. 

As  with  the  original  system,  calibration  tests  were  performed. 
The  force/time  trace  from  the  1 meter  drop  speed  test  is  shown  in  Figure 
4.10.  As  can  be  seen,  it  followed  the  corridor  exceptionally  well, 
remaining  inside  the  limits  the  entire  event.  The  results  from  the  2 
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CALIBRATION  - ETHAFOAM  600  SPRING 


meter  drop  speed  test  are  shown  in  Figure  4.11.  It  also  stayed  within 
the  corridor  fairly  well,  dipping  low  during  the  rising  portion,  peaking 
about  50  lbs  (23  kg)  high,  and  falling  back  within  the  corridor  during 
unloading.  The  peak  relative  deflections  for  these  tests  were  1.24" 
(31.5  mm)  and  2.15"  (54.6  mm),  respectively.  Note  that  the  1 meter  drop 
speed  test  deflection  was  within  the  desired  range  while  that  of  the  2 
meter  was  high,  although  it  was  closer  than  that  from  the  corresponding 
Urethane  spring  test. 

Next,  a static  crush  was  done  on  the  modified  impactor  (see 
Figure  4.12).  Note  that  the  Ethafoam  600  spring  crushed  in  a uniform 
manner,  without  buckling.  This  resulted  in  the  dashed  force/deflection 
curve  shown  in  Figure  4.13.  Unlike  with  the  Urethane/conical  spring 
system,  a continuously  increasing  curve  was  produced  using  the  Ethafoam 
600  spring,  which  was  intuitively  more  satisfying. 

As  a final  comparison,  the  relative  deflections  obtained  from 
the  impactor  over  a range  of  speeds  were  compared  for  the  two 
spring/damper  systems  (see  Figure  4.14).  Both  increased  linearly 
through  a range  of  impact  speeds.  The  peak  relative  deflections  from 
the  Urethane  spring  tests  began  to  level  off  at  about  16  mph  (25.7  km/h) 
while  those  using  the  Ethafoam  600  spring  leveled  off  closer  to  18  mph 
(29.0  km/h).  The  Ethafoam  600  typically  deflected  less  for  the  same 
impact  speed,  until  the  two  curves  crossed  a little  under  17  mph  (27.4 
km/h),  corresponding  to  a deflection  of  about  2.9"  (73.7mm).  One  fur- 
ther observation  worth  noting  was  that  unlike  the  Urethane  spring,  the 
Ethafoam  600  needed  up  to  an  hour  to  fully  recover  from  impacts  at  the 
higher  speeds. 

4.3  General  Hardware  Systems 

An  agreement  was  made  that  VRTC  personnel  would  provide  the  MVMA 

with  observations  and  experience  regarding  the  mechanical  aspects  of  the 
device.  Overall,  the  hardware  systems  functioned  very  well.  With  the 
exception  of  the  problems  with  the  conical  spring  detailed  in  the 
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CALIBRATION  - ETHAFOAM  600  SPRING 


b.  1" 


Figure  4.12  --  Ethafoam  600  Spring  --  Progressive  Crush 
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d.  2-1/2" 


Figure  4.12  (Continued)  --  Ethafoam  600  Spring  --  Progressive  Crush 
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e.  3-1/2" 


Figure  4.12  (Continued)  --  Ethafoam  600  Spring  --  Progressive  Crush 
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previous  section,  the  device  was  very  durable,  with  no  breakdowns.  Two 
areas  of  concern  arose,  though. 

First,  in  essentially  all  the  tests,  a mechanical  'ringing' 
occurred  on  the  large  mass  signal  shortly  after  impact  (see  Figure 
4.15).  Since  this  ringing  was  of  high  frequency  and  occurred  before  the 
main  peak  of  the  impact,  it  had  no  effect  on  the  filtered  peak  value. 
Due  to  time  constraints,  no  effort  to  solve  this  problem  was  made,  but  a 
potential  source  of  this  ringing  was  noted. 

Part  of  the  large  mass  was  a collar  which  mounted  on  the  end  of 
the  main  tube  and  served  as  the  rear  mating  surface  for  the  Urethane 
spring.  This  component  is  shown  in  Figure  4.1,  identified  by  the  large 
cross-hatching,  slanting  down  from  right  to  left.  This  collar  attached 
to  the  tube  by  means  of  four  set  screws  which  tightened  to  the  tube. 
The  indentations  made  from  these  screws  were  found  to  be  elongated, 
assumably  from  repeated  impacts.  It  was  felt  that  the  movement  of  these 
screws  within  the  elongated  holes  could  have  caused  the  ringing,  al- 
though this  was  not  verified. 

The  second  area  of  concern  involved  the  relative  deflection 
between  the  large  and  small  masses.  Frequently,  this  deflection  flat- 
tened near  the  peak,  as  seen  in  Figure  4.16.  Since  this  happened  at 
various  levels  of  deflection,  it  was  not  due  to  overscaling  the  instru- 
ments or  data  acquisition  components.  Although  not  verified,  it  was 
felt  that  this  flattening  was  a real  occurrence,  possibly  due  to 
friction.  The  effect  that  this  has  on  the  device's  ability  to  measure 
injury  potential  likely  depends  on  the  criterion  used.  Obviously, 
responses  based  on  peak  relative  deflections  would  be  expected  to  be  in 
error.  On  the  otherhand,  since  both  peak  accelerations  and  peak 
velocity  occur  prior  to  this  flattening,  and  since  the  exact  cause  of 
this  occurrence  was  not  determined,  it  is  impossible  to  determine  what, 
if  any,  effect  it  would  have  on  acceleration  and  velocity  based 
responses . 
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One  final  aspect  of  the  device  that  was  investigated  was  its 
ability  to  repeat  an  impact  speed  when  charged  to  the  same  pressure.  A 
series  of  tests  was  run  at  the  beginning  of  the  program,  recording  both 
speed  and  pressure.  These  are  plotted  with  circles  in  Figure  4.17. 
Three  tests  from  the  later  portion  of  the  program  were  then  added  to 
this  curve  and  are  shown  in  the  figure  by  triangles.  As  can  be  seen, 
all  but  the  18  mph  (29.0  km/h)  test  fell  right  on  the  curve,  with  that 
test  requiring  about  an  8%  increase  in  pressure  to  achieve  the  same 
speed  as  indicated  by  the  curve.  Overall,  the  performance  of  the  device 
was  very  good. 

4.4  Software  Systems 

In  addition  to  the  mechanical  device,  the  MVMA  Thoracic  Impactor 
also  consisted  of  an  electronic  control  system,  a data  acquisition 
system,  and  an  operating  program,  run  on  an  IBM  PC,  which  included  data 
processing  routines.  The  correct  operation  of  these  components  was  as 
important  as  that  of  the  hardware. 

The  operating  program  did  a good  job  of  coordinating  the  func- 
tions of  the  control  and  data  acquistion  systems.  For  the  most  part  it 
was  menu  driven  and  easy  to  follow,  with  error  recovery  if  an  incorrect 
character  was  entered.  This  program  also  contained  data  processing  and 
plotting  routines,  which  also  had  good  utility. 

The  control  system  was  organized  in  a straight  forward  manner, 
but  problems  were  frequently  encountered.  Often,  a light  would  flash, 
the  alarm  would  sound,  gas  would  escape,  or  some  other  unexpected  occur- 
rence would  take  place.  Invariably,  this  locked  up  the  operating 
program  and  the  only  way  to  proceed  was  to  exit  from  the  program  and 
begin  again.  At  times  it  was  necessary  to  re-boot  the  PC.  A pattern  or 
a cause  for  this  happening  was  never  found,  but  the  safeties  worked 
well.  Throughout  all  the  testing,  none  of  these  problems  caused  the 
impactor  to  fire  prematurely. 
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The  data  acquistion  system  performed  very  well,  causing  no 
problems  during  testing.  No  data  was  lost  and  the  system  interacted 
smoothly  with  the  operating  program.  The  only  shortcoming  was  that  it 
had  a sampling  rate  of  about  4400  Hz,  which  was  too  slow  to  be  com- 
patible with  the  Class  1000  filter  applied  to  the  data.  To  avoid 
aliasing,  the  recommended  sampling  rate  should  be  about  five  times  the 
cutoff  frequency  of  the  filter  used.  For  a Class  1000  filter,  a sam- 
pling rate  of  at  least  8000  Hz  is  recommended.  For  the  purposes  of  this 
investigation,  parallel  instrumentation  was  added  to  the  impactor.  The 
data  from  these  transducers  were  collected  through  the  VRTC  data  ac- 
quisition system,  which  used  a sampling  frequency  of  8000  Hz.  These 
data  were  used  for  the  evaluation  of  the  impactor. 

5.0  TEST  METHODOLOGY  COMPARISON 

5.1  Test  Results 


As  mentioned  previously,  the  most  crucial  aspect  of  this  program 
was  to  evaluate  the  ability  of  the  device  and  its  associated  procedures 
to  assess  the  thoracic  injury  potential  of  vehicles.  This  included 
performing  three  series  of  tests,  two  using  the  full  body  of  the 
vehicles,  the  third  testing  the  doors  mounted  in  a fixture.  In  addi- 
tion, one  padded  test  was  done  to  estimate  the  benefit  from  3"  (76  mm) 
of  ArCel  padding,  using  the  impactor.  Table  5.1  is  a matrix  of  the 
tests  done  for  these  series.  The  results  from  the  three  series  of  tests 
are  listed  in  Tables  5.2  through  5.4. 

5.2  Comparison  of  Results 

5.2.1  Padding  Effects 

As  shown  in  Table  5.1,  baseline  and  padded  Granada  tests  were 
conducted.  The  purpose  of  these  was  to  estimate  the  benefit  from  3"  (76 
mm)  of  ArCel  padding,  using  the  impactor.  The  peak  accelerations,  peak 
relative  deflections,  and  peak  Viscous  Criterion  (7),  or  V*C,  for  these 
two  tests  are  compared  in  Table  5.5.  Overlay  plots  of  these  responses 
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Table  5.1 

MVMA  THORACIC  IMPACTOR  TEST  MATRIX 


Vehicle 


Full-Body 


18  mph  adjusted 


Fixtured 

Door 

18  mph 


Celebrity 
Citation 
Dodge  400 
Granada 
Horizon 
bas  LTD 
mod  LTD 
Rabbit 
Spectrum 


* 


* repeated  with  3"  of  ArCel  padding 
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Table  5.2 

MVMA  THORACIC  IMPACTOR  TEST  RESULTS 
Full-Body  Test  Series  No.  1-18  mph 
VRTC-86-0025 
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Granada  padded  test  was  done  on  a new  door  and  at  the  same  location  as  Granada  unpadded  test. 


Table  5.3 

MVMA  THORACIC  IMPACTOR  TEST  RESULTS 
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Table  5.4 

MVMA  THORACIC  IMPACTOR  TEST  RESULTS 
Full-Body  Test  Series  No.  2 - adjusted  velocities 
VRTC-86-0025 
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This  test  was  intentionally  conducted  at  a higher  speed.  See  discussion  in  section  5.2.3 


for  the  two  tests  are  shown  in  Figures  5.1  through  5.4.  Note  that  the 
largest  peak  of  the  baseline  small  mass  acceleration  occurred  at  about 
60  msec.  This  was  due  to  the  small  mass  rebounding  into  the  large  mass 
and  was  therefore  not  considered  to  be  the  peak  small  mass  response. 


Table  5.5 

18  mph  FORD  GRANADA  TEST  RESULTS 
padded  vs.  baseline 


Peak  Acceleration 


Door 

Condition 


baseline 


padded 


sm  mass 
(rib) 


71.7 


43.0 


lg  mass 
(T12) 


51.3 


31.2 


TTI(O) 


61.5 


37.1 


Peak 

Relative 

Deflection 

(in) 


2.60 


2.18 


VC (max) 
(m/sec) 


0.973 


0.426 


As  can  be  seen  in  the  table  and  figures,  3"  (76  mm)  of  ArCel 
padding  had  the  following  effect  on  the  responses  measured  by  the 
impactor:  peak  small  mass  and  large  mass  accelerations  were  reduced  by 
40%  and  39%,  respectively,  resulting  in  a 40%  reduction  of  TTI(age=0), 
and  peak  relative  deflection  and  peak  V*C  decreased  16%  and  56%, 
respectively . 


5.2.2  Comparison  of  Sub- system  Approaches 

Another  aspect  of  this  study  was  to  compare  two  different  sub- 
system test  procedures.  This  was  done  using  the  results  of  the  full- 
body  tests  performed  in  test  series  1 and  those  of  the  fixtured  door 
tests,  since  both  were  conducted  using  a nominal  impact  speed  of  18  mph 
(29.0  km/h).  Comparisons  were  made  between  peak  accelerations,  peak 
relative  deflections,  peak  V*C,  static  crush  curves,  and  overall  defor- 
mation of  the  doors . 


In  many  cases,  the  crush  pattern  on  the  fixtured  door  was  very 
different  from  that  mounted  in  the  body.  Overhead  views  of  the  crushed 
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Acceleration  (g)  Acceleration  (g) 

-40  0 40  80  120  160  -40  0 40  80  120  160 


GRANRDR  - LARGE  MASS  - HSR  I FILTER 

Figure  5.1 


GRRNRDR  - SMALL  MASS  - HSR  I FILTER 


Figure  5.2 
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Viscous  Criterion  (m/sec)  Displacement  (in) 


28-RPR-88  10:38 


GRRNRQR  - RELRTIVE  DEFLECTION 


Figure  5.3 


GRRNRDR  - VISCOUS  CRITERION 

Figure  5.4 
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doors  from  the  full -body  (a)  and  fixtured  door  (b)  baseline  LTD  tests 
are  shown  in  Figure  5.5.  Note  that  the  full -body  door  followed  the 
contour  of  the  crush  plate  reasonably  well  while  the  fixtured  door 
creased  in  the  center,  causing  it  to  bend  away  from  the  crush  plate. 
This  left  a large  gap  between  the  plate  and  the  exterior  surface  of  the 
door.  As  evidenced  in  the  figure,  the  pre- crush  locations  for  the 
fixtured  door  tests  were  determined  differently  from  those  of  the  full- 
body  tests.  One  of  the  reasons  for  this  was  the  proximity  of  the  rigid 
fixturing.  Details  of  this  are  contained  in  section  3.3. 

Overlays  of  the  force  vs.  exterior  crush  and  inner  panel  dis- 
placement vs.  exterior  crush  curves  for  the  baseline  LTD  full-body  and 
fixtured  door  tests  are  shown  in  Figures  5.6  and  5.7.  The  force  curves 
are  similar  for  the  first  4 1/2"  (115  mm)  or  so,  but  then  they  separate. 
As  indicated  in  Figure  5.7,  about  3 1/2"  (90  mm)  more  exterior  crush  was 
required  to  produce  inner  panel  displacement  on  the  fixtured  door  than 
on  the  body  mounted  door.  The  main  reason  for  these  differences,  as 
well  as  those  of  the  crush  patterns  shown  in  Figure  5.5,  was  that  the 
door  fixture  had  a rigid  "B-pillar"  while  that  of  the  car  body  was  not. 
The  B-pillar  of  a car  has  a large  effect  on  the  side  strength  of  a 
vehicle.  Mounting  a door  in  a rigid  frame  changed  the  crush  charac- 
teristics significantly. 

The  results  of  the  dynamic  tests  (listed  in  Tables  5.2  and  5.4) 
were  also  used  to  compare  the  two  sub-system  approaches.  Three  response 
measurements  were  used  - TTI(age*=0),  peak  relative  deflection,  and  peak 
V*C.  These  are  compared  in  Figures  5.8  through  5.10  for  each  door,  with 
the  full-body  test  results  in  increasing  order.  Linear  correlations 
were  done  to  compare  the  full -body  test  results  with  those  of  the  fix- 
tured door  tests.  The  regressions  produced  coefficients  of 
determination  (r  ) for  TTI(age=0),  peak  relative  deflection,  and  peak 
V*C  of  0.51,  0.14,  and  0.00,  respectively. 
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Figure  5.5  --  Baseline  LTD  Crush  Comparison 
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Displacement  (in) 

BASELINE  LTD  - EXTERIOR  CRUSHES 
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Exterior  Crush  (in) 

BASELINE  LTD  - INNER  PANEL  DISPLACEMENT 
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Vehicle 

Figure  5.10 


The  number  of  tests  that  produced  essentially  the  same  results 
( | A [ < 10%),  the  number  in  which  the  full-body  test  produced  higher 

results,  and  the  number  in  which  the  fixtured  door  test  produced  higher 
results  are  summarized  in  Table  5.6.  These  figures  and  table  indicate 
that  one  approach  did  not  consistently  give  the  same  or  higher  results 
than  the  other,  but  that  they  varied  considerably.  Overall,  there  was  a 
mild  correlation  of  TTI  values  between  the  two  approaches,  and  no  sig- 
nificant correlation  based  upon  deflection  or  V*C. 

Table  5.6 

FULL- BODY  VS.  FIXTURED  DOOR  TEST  RESULTS 
frequency  summary 


TTI (0) 

Relative 

Deflection 

Peak 

V*C 

average 

same 

| A | < 10% 

3 

1 

2 

2 

full -body 
higher 

2 

3 

3 

2 2/3 

fixtured 

higher 

2 

3 

2 

2 1/3 

total 

7 

7 

7 

7 

5.2.3  Comparison  of  Full-  and  Sub-system  Approaches 

A second  series  of  full-body  tests  were  done  using  various 
impact  speeds.  These  speeds  were  determined  as  described  in  section 
3.4,  and  each  was  intended  to  be  representative  of  the  door- to  - occupant 
contact  velocity  that  occurred  in  the  full-system  crash  test  performed 
on  that  particular  vehicle.  The  results  of  these  tests  (listed  in  Table 
5.3)  were  compared  to  those  from  the  crash  tests.  Comparisons  were  made 
based  on  TTI(age=0)  only,  since  comparative  relative  deflections  and 
V*C ' s were  not  available  for  the  crash  tests. 
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A comparison  of  the  TTI(age*-0)  values  for  the  crash  tests  (in 
increasing  order)  and  for  the  second  series  of  full-body  sub-system 
tests  is  shown  in  Figure  5.11.  Note  that  the  baseline  Granada  test 
results  from  the  first  series  of  tests  were  used  here  rather  than  those 
from  the  second.  The  reason  for  this  was  that  impact  velocity  found  for 
this  vehicle  to  simulate  the  crash  test  contact  velocity  was  17.9  mph 
(28.8  km/h),  which  was  very  close  to  the  18.0  mph  (29.0  km/h)  used  in 
the  first  series  of  tests.  It  was  felt  that  instead  of  repeating  that 
condition,  the  second  test  would  be  done  using  a higher  speed. 

Two  things  stood  out  when  the  results  were  compared.  First,  the 
sub -system  tests  produced  less  severe  impacts  than  the  crash  tests  in 
every  case,  with  an  average  decrease  in  TTI(age*=0)  of  34.4%.  This  may 
simply  indicate  that  the  impact  velocities  chosen  for  the  sub -system 
tests  were  not  high  enough  to  produce  similar  injury  levels  as  the  crash 
tests.  (Crash  test  data  obtained  since  the  completion  of  this  study 
indicated  that  an  impact  velocity  of  22  to  25  mph  may  have  been  more 
appropriate) . Second,  the  injury  levels  predicted  by  the  impactor 
showed  little  variation  among  the  production  vehicles.  Excluding  the 
modified  LTD  test,  the  average  TTI(O)  was  66.4,  with  a coefficient  of 
variation  of  7.9%.  This  compares  to  an  coefficient  of  variation  on  the 
crash  test  TTI(age=0)  values  for  the  same  eight  vehicle  models  of  14.9% 
(see  Table  5.4).  A linear  regression  was  done  to  compare  the  TTI(age=0) 
values  of  the  sub-system  tests  with  those  of  the  crash  tests.  The 
2 

resulting  r value  was  0.02,  indicating  that  no  significant  correlation 
existed.  Overall,  for  the  test  procedures  used  in  this  study,  the 
impactor  and  crash  test  results  did  not  follow  similar  patterns  and  the 
results  from  one  type  of  test  could  not  be  predicted  by  the  results  of 
the  other. 

Although  comparisons  with  crash  test  results  could  not  be  made, 
two  other  response  measurements  were  estimated  from  the  impactor  test 
results.  As  can  be  seen  in  Figure  5.12,  the  peak  relative  deflections 
from  the  second  series  of  full-body  tests,  like  the  TTI(age=0)  values, 
showed  little  variation  among  the  production  vehicles.  Excluding  the 
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modified  LTD,  the  average  peak  relative  deflection  was  2.65"  (67.3  mm), 
with  a coefficient  of  variation  of  5.4%.  The  peak  V*C  values,  on  the 
otherhand,  showed  a higher  level  of  variation  (see  Figure  5.13). 
Excluding  the  modified  LTD,  the  average  peak  V*C  was  1.064  m/sec,  with  a 
coefficient  of  variation  of  19.5%. 

It  was  also  possible  to  distinguish  between  the  baseline  and 
structurally  modified  vehicles,  using  the  impactor  and  this  test  proce- 
dure. The  results  of  the  LTD's  done  in  the  second  series  of  full -body 
tests  are  contained  in  Table  5.7.  As  can  be  seen,  all  three  response 
measurements  decreased  in  the  modified  vehicle  test.  This  was  expected 
since  the  impact  speed  predicted  from  the  study  described  in  section  3.4 
and  used  for  testing  for  the  modified  LTD  was  20%  lower  than  that  for 
the  baseline  vehicle  (14.8  and  18.5  mph  - 23.8  and  29.8  km/h, 
respectively).  Note  in  Table  5.2,  that  when  these  two  vehicles  were 
tested  at  the  same  impact  speed,  the  results  were  nearly  identical. 

Table  5.7 

BASELINE/STRUCTURALLY  MODIFIED  LTD  RESULTS 


Ford 

LTD 

TTI(O) 

Peak 

Relative 

Deflection 

(in) 

VC (max) 
(m/sec) 

baseline 

60.7 

2.77 

1.287 

modified 

47.4 

2.28 

0.613 

decrease 

21.9% 

17.7% 

52.4% 
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Uehicie 


6.0  CONCLUSIONS 


Based  on  the  results  and  observations  of  this  study,  the  follow- 
ing conclusions  were  made: 

1.  For  the  sub- system  test  procedures  used  in  this  study,  the  MVMA 

Thoracic  Impactor  and  the  full-system  crash  test  results  were 

essentially  unrelated.  The  sub-system  TTI(age=0)  values  were  34.4% 

lower,  on  average,  than  the  crash  test  values.  A linear  regression 

comparing  the  two  sets  of  values  produced  a coefficient  of  deter- 

2 

mination,  r , of  only  0.02. 

2.  The  ability  to  show  variation  among  the  production  vehicles  tested 

using  the  thoracic  impactor  and  the  procedures  of  this  study  was 
dependent  upon  the  response  measurement  considered.  The  coeffi- 
cients of  variation  for  the  second  series  of  full-body  sub-system 
tests  were  as  follows: 

TTI (age=0)  -7.9% 

peak  realtive  deflection  - 5.4% 

peak  Viscous  Criterion  (V*C)  - 19.5% 

The  coefficient  of  variation  for  the  TTI(age=0)  values  from  the 
crash  tests  on  the  same  eight  vehicle  models  was  14.9% 

3.  The  3"  (76  mm)  ArCel  padding  sample  used  on  the  Granada  door 

resulted  in  substantial  response  reductions.  With  an  impact  speed 

of  18.0  mph  (29.0  km/h),  the  padded  test  responses  were  reduced  as 
follows : 


TTI (age=0)  - 40% 

peak  relative  deflection  - 16% 

peak  Viscous  Criterion  - 56% 

4.  Using  the  thoracic  impactor  and  the  procedures  of  this  study,  it 
was  possible  to  distinguish  between  baseline  and  structurally 
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modified  vehicles  only  if  an  impact  velocity  adjustment  procedure 
was  applied.  When  both  were  tested  at  a nominal  speed  of  18  mph 
(29  km/h) , the  structurally  modified  vehicle  produced  the  following 
response  changes: 

TTI(age-O)  - 3.1%  increase 

peak  relative  deflection  - 1.5%  increase 

peak  Viscous  Criterion  - 2.2%  increase 

Using  the  adjusted  impact  speeds  of  18.4  and  14.8  mph  (29.6  and 
23.8  km/h)  for  the  baseline  and  modified  vehicle  tests,  respec- 
tively, the  modified  vehicle  responses  were  reduced  as  follows: 

TTI (age=0)  - 21.9% 

peak  relative  deflection  - 17.7% 

peak  Viscous  Criterion  - 52.4% 

5.  Using  a nominal  impact  speed  of  18  mph  (29  km/h)  for  all  tests,  a 
slight  correlation  was  found  between  the  TTI  results  of  the  full- 
body  sub-system  tests  and  the  fixtured  door  sub-system  tests.  No 
significant  correlation  was  found  using  other  response 
measurements.  Linear  regressions  performed  to  compare  the  two  sub- 
system test  approaches  produced  the  following  coefficients  of 

2 

determination,  r : 

TTI (age-0)  - 0.51 

peak  relative  deflection  - 0.14 

peak  Viscous  Criterion  - 0.00 

6.  The  peak  relative  deflections  measured  in  this  study  using  the 
thoracic  impactor  may  not  be  reliable  for  measuring  injury 
potential.  Many  of  the  traces  flattened  near  the  peak,  possibly 
due  to  internal  friction.  Since  peak  accelerations  and  peak  V*C 
occur  prior  to  this  flattening,  and  since  the  exact  cause  of  this 
occurrence  was  not  determined,  it  is  impossible  to  determine  what, 
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if  any,  effect  it  would  have  on  acceleration  and  velocity  based 
responses . 

7.  The  thoracic  impactor  did  not  meet  the  calibration  corridors  as 
well  as  desired,  but  its  calibration  performance  was  judged  to  be 
acceptable.  The  original  1 meter  drop  speed  calibration  test  done 
on  the  impactor  produced  a force -time  history  that  stayed  within 
the  corridor  during  most  of  the  loading  phase,  but  peaked  about  350 
lb  (159  kg)  above  the  corridor.  Peak  relative  deflection  for  this 
test  was  1.40"  (35,6  mm),  which  was  0.10"  (2.5  mm)  above  the 
corridor.  The  original  2 meter  drop  speed  calibration  test 
produced  a force- time  history  that  matched  the  corridor  very  well. 
Peak  relative  deflection  for  this  test  was  2.43"  (61.7  mm),  which 
was  0.58"  (14.7  mm)  above  the  corridor. 

8.  A slow- rate  crush  test  on  the  thoracic  impactor  produced  a three 

part  force  vs.  deflection  curve.  Force  rose  linearly  for  about 
1.4"  (36  mm),  dropped  off  due  to  bulging/buckling  of  the  Urethane 

main  spring,  and  then  increased  sharply,  as  the  conical  secondary 
spring  began  to  bottom  out. 

9.  The  durability  of  the  conical  secondary  spring  used  in  the  thoracic 
impactor  was  not  good.  During  the  course  of  testing,  two  were  torn 
and  replaced,  one  was  damaged.  It  was  determined  that  deteriora- 
tion occurred  gradually  from  the  inside  surface. 

10.  The  response  of  the  thoracic  impactor  was  somewhat  sensitive  to  the 
condition  of  the  conical  secondary  spring.  Calibration  tests  done 
following  the  replacement  of  the  torn  conical  spring  with  a new  one 
produced  different  results.  The  1 meter  drop  speed  test  showed 
very  little  change  from  the  corresponding  original  test,  with  a 
peak  relative  deflection  of  1.37"  (34.8  mm).  The  2 meter  drop 
speed  calibration  test  produced  a different  force-time  history  than 
that  of  the  corresponding  original  test,  peaking  about  300  lb  (136 
kg)  higher  than  the  first  test.  The  peak  relative  deflection  was 
2.39"  (60.7  mm) . 
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11.  When  the  Urethane  main  spring  was  replaced  with  the  Ethafoam  600 

spring  and  the  conical  secondary  spring  was  removed,  the  perfor- 
mance of  the  thoracic  impactor  against  the  calibration  corridors 
improved.  The  1 meter  drop  speed  calibration  test  produced  a 

force -time  history  that  was  within  the  corridor  throughout  the 
entire  event.  The  peak  relative  deflection  measured  from  this  test 
was  1.24"  (31.5  mm),  which  was  also  within  the  corridor.  The  2 

meter  drop  speed  calibration  produced  a force -time  history  that 
dipped  low  during  the  loading  phase  and  then  peaked  about  50  lb  (23 
kg)  high.  The  peak  relative  deflection  of  2.15"  (54.6  mm)  was 
0.30"  (7.6  mm)  above  the  corridor. 

12.  A slow-rate  crush  test  on  the  thoracic  impactor  with  the  Ethafoam 
600  spring  produced  a continuously  increasing  force  vs.  deflection 
curve.  This  spring  crushed  in  a uniform  manner,  without  the  occur- 
rence of  buckling. 

13.  Testing  with  the  thoracic  impactor  using  the  Ethafoam  600  spring 
indicated  that  up  to  an  hour  was  required  for  this  spring  to  fully 
recover.  The  time  varied  based  on  the  impact  speed. 

14.  Throughout  the  testing  of  this  study,  the  overall  mechanical  per- 
formance of  the  thoracic  impactor  was  good.  It  was  durable  and  the 
impact  velocity  was  repeatable.  There  were  three  concerns  on  the 
mechanical  aspects  of  the  device,  though.  These  were  as  follows: 

a.  durability  of  the  conical  secondary  spring 

b.  'ringing'  on  the  large  mass,  and 

c.  flattened  relative  deflection  at  peak 

15.  The  operating  program  did  a good  job  of  coordinating  the  functions 
of  the  control  and  data  acquisition  systems  and  had  good  utility. 

16.  The  control  system  was  organized  in  a straight  forward  manner,  but 
problems  were  frequently  encountered.  These  often  made  it  neces- 
sary to  re -boot  the  entire  system.  None  of  the  problems  allowed  a 
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premature  fire  of  the  impactor,  though,  indicating  that  the  built 
in  safeties  worked  well. 

17.  No  problems  were  encountered  with  the  operation  of  the  data  ac- 
quisition system.  Increasing  the  sampling  rate  to  at  least  8000  Hz 
from  the  current  4400  Hz  would  make  it  compatible  with  the  Class 
1000  filter  applied  to  the  data. 
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This  Appendix  summarizes  the  information  specified  in  Chapter  3 
of  this  report.  This  includes  listing  the  vehicles  tested  as  well  as 
outlining  the  tests  and  test  conditions  done  on  these  vehicles. 

A.l  Vehicles 


Nine  vehicles  were  selected  for  sub-system  testing.  For  each  of 
these  models,  30/15  mph,  90°,  MDB  side  impact  crash  test  data  has  been 
collected.  The  vehicles  are  as  follows: 


4-door 
4-door 
2 -door 
2 -door 
4 -door 
4 -door 
4 -door 
2 -door 
2 -door 

A. 2 Test  Series 


Chevrolet  Celebrity 
Chevrolet  Citation 
Dodge  400 
Ford  Granada 
Plymouth  Horizon 
baseline  Ford  LTD 
structurally  modified  Ford  LTD 
Volkswagen  Rabbit 
Chevrolet  Spectrum 


Three  series  of  tests  were  performed.  The  first  two  involved 
the  use  of  the  entire  body  of  the  car,  with  series  1 tests  done  on  the 
left  side  and  series  2 tests  done  on  the  right  side  of  each  vehicle. 
The  third  series  of  tests  were  performed  on  the  doors  of  these  cars 
mounted  in  a frame  outside  the  vehicle.  A pre-crush  was  performed  prior 
to  the  dynamic  test  on  each  car/door.  The  specific  conditions  of  each 
follow. 


Test  Series  No.  1 


The  full  body  of  each  car  was  secured,  pre- crushed,  and  impacted 
on  its  left  side  under  the  following  conditions: 

impact  location  - The  location  of  dummy  contact  on  the  door  was 
determined  from  crash  test  photographs  and/or  movies  for  each 
vehicle.  This  location  was  duplicated  in  the  unpadded  tests  for 
this  series  (see  Table  3.1).  Padded  tests  were  done  on  the  same 
doors  5"  (127  mm)  forward  of  the  unpadded  impact  locations  for 

several  of  the  cars.  These  tests  were  not  continued  due  to 
excessive  door  damage  from  the  unpadded  tests  (see  section  3.2). 
For  one  car  then,  the  door  was  replaced,  padding  was  added  to 
the  door,  and  a padded  test  was  conducted  at  the  same  impact 
location  that  was  used  for  the  unpadded  test  on  that  vehicle. 
For  all  tests,  the  impactor  was  vertically  positioned  to  strike 
just  below  the  window  opening  of  the  door. 

pre -crush  - Each  door/side  structure  was  pre-crushed  using  the 
VRTC  crushing  apparatus.  The  crush  plate  was  centered  between 
the  unpadded  and  original  padded  impact  locations,  that  is,  2.5" 
(63.5  mm)  forward  of  the  impact  location  determined  from  crash 
test  photography  (see  Table  3.1).  The  crush  plate  was  verti- 
cally postioned  such  that  its  lower  edge  was  15.7"  (400  mm) 
above  the  ground  reference  plane  for  each  car  (see  Table  3.2). 
The  amount  of  pre-crush  was  9.1"  (230  mm)  of  exterior  door  crush 
after  initial  contact  of  the  plate  with  the  exterior  surface. 
impact  velocity  - The  impact  velocity  for  each  of  these  tests 
was  18  mph  (29  km/h) . This  was  determined  as  the  average  door 
velocity  in  the  crash  tests  of  these  vehicles. 

door  mitigation  - Each  car  was  tested  in  the  unpadded  condition. 
Several  of  the  doors  were  re-tested,  5"  forward,  using  padding. 
For  one  of  the  cars,  the  door  was  replaced  and  tested,  also  with 
padding.  In  each  padded  case,  the  interior  trim  panel  was 

removed  and  an  8"  by  12"  by  3"  thick  (203.2  x 304.8  x 76.2  mm) 
piece  of  ArCel  padding  was  attached  to  the  door.  The  padding 
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was  softened  by  drilling  nine  7/8"  (22.2  mm)  vertical  holes 

through  it. 

In  summary,  this  series  of  tests  consisted  of  an  unpadded  test 
for  each  car.  For  some  of  the  vehicles,  a padded  test  was  also 

performed.  All  tests  were  done  at  18  mph  (29  km/h)  at  the  pre- 
determined occupant  impact  location.  Exterior  crush  data  were  collected 
for  all  vehicles. 

The  objectives  of  this  series  of  tests  were  as  follows: 

1.  To  determine  the  ability  of  the  MVMA  device  to  distinguish 
between  unpadded  and  padded  doors. 

2.  To  determine  the  ability  of  the  MVMA  device  to  distinguish 
between  different  vehicles  when  tested  at  the  same  impact 
velocity . 

3.  To  obtain  exterior  crush  data  for  each  vehicle,  for  use  in 
developing  a velocity  adjustment  procedure  based  upon  side 
structural  strength. 

Test  Series  No.  2 


The  full  body  of  each  car  was  secured,  pre- crushed,  and  impacted 
on  its  right  side  under  the  following  conditions: 

impact  location  - The  impact  location  for  each  vehicle  was 
identical  to  that  used  in  the  unpadded  test  in  the  first  series 
(see  Table  3.1). 

pre -crush  - The  pre-crush  location  and  extent  for  each  vehicle 
was  identical  to  that  used  in  the  first  series  (see  Tables  3.1 
and  3.2). 

impact  velocity  - The  impact  speed  was  determined  separately  for 
each  vehicle  based  on  its  side  structural  stiffness  measured 
during  the  pre-crush  in  the  first  series  of  tests  (see  Table 
3.7). 

door  mitigation  - Each  vehicle  was  tested  in  the  unpadded  con- 
figuration only. 
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In  summary,  this  series  of  tests  consisted  of  an  unpadded  test 
for  each  car.  Impact  occurred  at  the  pre-determined  location  for  each 
car  at  an  impact  velocity  determined  from  the  side  structural  stiffness 
measured  during  the  pre -crush  in  the  first  series  of  tests.  Exterior 
crush  data  were  taken  for  all  tests  of  this  series. 

The  objectives  of  this  test  series  were  as  follows: 

1.  To  allow  a comparison  between  the  results  of  the  MVMA  impac- 
tor  tests  to  those  of  the  crash  tests  for  each  vehicle. 

2.  To  examine  the  ability  of  the  sub- system  approach  to  distin- 
guish between  good  and  poor  door/side  structure  designs. 

Door- in-Frame  Tests 


For  this  series  of  tests,  each  door  was  removed  from  the  vehicle 
and  mounted  in  a rigid  frame.  Each  door  was  mounted,  pre -crushed,  and 
impacted  under  the  following  conditions: 

impact  location  - The  impactor  was  positioned  such  that  impact 
occurred  just  below  the  window  opening  of  the  door,  horizontally 
centered  on  the  crush  plate. 

pre -crush  - The  crush  plate  was  positioned  such  that  its  verti- 
cal centerline  passed  through  the  mid- seat  H-point  location  for 
that  vehicle.  If  necessary,  the  crush  plate  was  moved  to  main- 
tain a minimum  of  3"  (75  mm)  between  the  crush  plate  and  the 
door  opening  (see  Table  3.3).  The  vertical  position  of  the 

crush  plate  was  identical  to  that  of  the  first  two  test  series 
(see  Table  3.2).  Also  as  before,  the  extent  of  pre-crush  was 
9.1"  (230  mm)  of  exterior  movement. 

impact  velocity  - All  tests  were  done  at  18  mph  (29  km/h). 
door  mitigation  - Each  door  was  tested  in  the  unpadded  con- 
figuration only. 

In  summary,  this  series  consisted  of  a frame -mounted , unpadded 
door  test  for  each  car.  Each  door  was  impacted  at  the  same  speed  used 
in  the  first  series  of  full-body  tests,  18  mph  (29  km/h).  The  crush 


84 


plate  was  aligned  such  that  its  centerline  passed  through  the  mid- seat 
H-point  location,  unless  altered  to  maintain  a 3"  (75  mm)  gap  between 
the  plate  and  the  door  opening.  Impacts  were  horizontally  centered  on 
the  crush  plate  and  exterior  crush  data  were  taken  for  each  door. 

The  objective  of  this  test  series  was  to  compare  the  results  of 
the  full -body  and  frame -mounted  door  sub -system  test  approaches. 
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APPENDIX  B 


SAS  Results  For 
Contact  Velocity  Regression 


T CRUSHCOR  . SAS 
DATA  CRUSH? 

INPUT  STIFF  FORCE  ENERGY  RIBV  SPINEV  DR02FU  DRMAXV  DR02NU 


cards; 


920 

7580 

3252 

22.4 

25.7 

18.2 

21 . 4 

19.5 

904 

7744 

3624 

24.7 

27.1 

17.4 

20.7 

18,3 

777 

6793 

3228 

25.3 

26.1 

18.0 

18.1 

21.2 

947 

7606 

3245 

23.6 

26.7 

21.9 

26.1 

18.2 

690 

6962 

3516 

24.6 

27.1 

14.1 

18.4 

15.8 

774 

6548 

2911 

22 . 5 

26.0 

15.1 

19.3 

16.2 

1770 

13382 

5308 

19.5 

21.6 

14.3 

20.9 

15.0 

633 

5768 

2956 

24.8 

29.6 

18.4 

20.6 

15.2 

666 

6119 

2903 

25.5 

27.2 

17.5 

18.6 

24.0 

proc  rsquare; 

MODEL  ST  I FF  = R I DU  SPINEV  DR02FU  DRMAXV  DR02NV/ST0P  = 2 ; 
MODEL  FORCE=R I B V SPINEU  DR02FV  DRMAXV  DR02NV/ST0P=2 ; 
MODEL  ENERGY=RIBV  SPINEV  DR02FV  DRMAXV  DR02NU/ST0P=2 ; 

t 

$ 

% 

t T CRUSHCOR. LIS 
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N = 9 


SAS  10:02  TUESDAY*  APRIL  21*  1987  1 

REGRESSION  MODELS  FOR  DEPENDENT  VARIABLE:  STIFF  MODEL:  MODEL1 


NUMBER  IN 

R-SQUARE 

VARIABLES  IN 

MODEL 

1 

0.07500821 

DR02FV 

1 

0.08186805 

DRMAXV 

1 

0. 12168658 

DR02NV 

1 

0 . 75469026 

RIBV 

1 

0.811 45854 

SPINEV 

2 

0. 14454361 

DR02FV  DR02NV 

2 

0.17191170 

DRMAXV  DR02NV 

2 

0.50185182 

DR02FV  DRMAXV 

2 

0.75605788 

RIBV  DRMAXV 

2 

0.75633702 

RIBV  DR02FV 

2 

0.76805791 

RIBV  DR02NV 

2 

0.82440571 

SPINEV  DR02FV 

2 

0.85398111 

RIBV  SPINEV 

2 

0 * 85756885 

SPINEV  DR02NV 

2 

0.86805681 

SPINEV  DRMAXV 
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SAS 

M 

o 

o 

TUESDAY,  APRIL  2 

N = 9 

REGRESSION 

MODELS  FOR  DEPENDENT  VARIABLE  ! FORCE 

MODEL  t 

M0DEL2 

NUMBER  IN 

R-SGUARE 

VARIABLES  IN  MODEL 

MODEL 

1 

0.04638011 

DRMAXV 

1 

0.12759038 

DR02FV 

1 

0 .13772701 

DR02NV 

1 

0.70951310 

RIBV 

1 

0.80807493 

SPINEV 

2 

0*1 5955460 

DRMAXV  DR02NV 

2 

0.19163175 

DR02FV  DR02NV 

2 

0,53052310 

DR02FV  DRMAXV 

n 

0.71035239 

RIBV  DRMAXV 

2 

0.71297509 

RIBV  DR02FV 

2 

0.71494902 

RIBV  DR02NV 

2 

0.80852290 

SPINEV  DR02FV 

2 

0.83381065 

RIBV  SPINEV 

2 

0.83600965 

SPINEV  DRMAXV 

2 

0.86451063 

SPINEV  DR02NV 

, 1987 
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N = 9 


SAS  10:02  TUESDAY » APRIL  21r  1987  3 

REGRESSION  MODELS  FOR  DEPENDENT  VARIABLES  ENERGY  MODELS  M0DEL3 


NUMBER  IN 

R-SQUARE 

VARIABLES  IN  i 

MODEL 

1 

0.01031646 

DRMAXV 

1 

0 .17830831 

DR02NV 

1 

0.20021401 

DR02FV 

1 

0 » 553 1 9506 

RIBV 

1 

0.68284100 

SPINEV 

O 

0.17879172 

DRMAXV  DR02NV 

2 

0.27355860 

DR02FV  DR02NV 

2 

0.51777018 

DR02FV  DRMAXV 

2 

0.55524448 

RIBV  DR02NV 

2 

0.56714518 

RIBV  DRMAXV 

2 

0.59060866 

RIBV  DR02FV 

2 

0.68610141 

SPINEV  DRMAXV 

2 

0.69114796 

RIBV  SPINEV 

0 

0.69531653 

SPINEV  DR02FV 

n 

0.77310821 

SPINEV  DR02NV 
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T CRUSHCOR.SAS; 13 
DATA  CRUSH? 

INPUT  STIFF  FORCE  ENERGY  RIBV  SPINEV  DR02FV  DRMAXV  DR02NV 

cards; 


920 

7580 

3252 

22,4 

25.7 

18.2 

21 .4 

19.5 

904 

7744 

3624 

24.7 

27 . 1 

17.4 

20.7 

18.3 

777 

6793 

3228 

25.3 

26.1 

18.0 

18.1 

21.2 

947 

7606 

3245 

23.6 

26.7 

21.9 

26.1 

18.2 

690 

6962 

3516 

24.6 

27.1 

14.1 

18.4 

15.8 

774 

6548 

2911 

22 . 5 

26.0 

15. 1 

19.3 

16.2 

1770 

13382 

5308 

19.5 

21.6 

14.3 

20,9 

15.0 

633 

5768 

2956 

24.8 

29.6 

18.4 

20.6 

15.2 
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25.5 

27.2 

17.5 

18.6 

24.0 

proc  stepwise; 

MODEL  STIFF=RIBV  SPINEV  DR02FV  DRMAXV  DR02NV/MINR  ST0P=2; 
MODEL  FORCE=R I BV  SPINEV  DR02FV  DRMAXV  DR02NV/MINR  ST0P=2; 
MODEL  ENERG Y=R I BV  SPINEV  DR02FV  DRMAXV  DR02NV/MINR  STOP=2 

$ 

$ 

$ 

$ T CRUSHCOR.LIS;! 
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MINIMUM  R-SQUARE  IMPROVEMENT  FOR  DEPENDENT  VARIABLE  STIFF 
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BOUNDS  ON  CONDITION  NUMBER!  1.212626,  4.850505 
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BOUNDS  ON  CONDITION  NUMBER 


MINIMUM  R-SGUARE  IMPROVEMENT  FOR  DEPENDENT  VARIABLE  FORCE 
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THE  ABOVE  MODEL  IS  THE  BEST  2 VARIABLE  MODEL  FOUND 


STEF'  1 VARIABLE  DRMAXV  ENTERED  R SQUARE  = 0.01031646  C ( F ) = 11.39513138 
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BOUNDS  ON  CONDITION  NUMBER 


MINIMUM  R-SGUARE  IMPROVEMENT  FOR  DEPENDENT  VARIABLE  ENERGY 
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